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Until recently, mitosis was the only recognizable stage in the
life cycle of cells. The interval between two successive mitosis
periods was simply called the interphase or resting stage. It is now
known that during the interphase a series of metabolic events are
occurring, which are essential for the overall process of cell divi
sion.
Through autoradiographic studies on the nucleus of the cell, it
was revealed that chromosomes contained deoxyribonucleic acid (DNA)
which replicated and transcribed during the period of interphase pre
ceding mitosis. The interval of two successive mitosis in a cell
has this scheme:
q >■>>>>>> S >>>'>>>>> Go > > > > ■> Mitosis >> > > > G,
G represents a period following a completion of the mitotic
reproductive cycle in which no DNA synthesis takes place. The S period
is one in which DNA synthesis occurs, and the DNA content of the nu
cleus is exactly doubled (Howard and Pelc, 1951). A second period is
the G?. During this period, no DNA -synthesis takes place. Mitosis
follows this period with its four stages of cell division (anaphase,
prophase, metaphase, and telophase).
During the cell cycle of most cells, the synthesis of proteins oc
curs. Protein synthesis involves the assembling of large numbers of a-
mino acids in a specific sequence by the formation of peptide bonds be
tween adjacent andno acids.
The central dogma, as it has popularly been called in protein syn
thesis, is described as:
replication transcription translation
DNA >■>>>>>>>>>>■>'> DNA >>>>>>>>>>>>>>> RNA >>>>>>>>>>>>> Protein
in which the arrows indicate the direction "genetic information flows".
DNA replicates itself on complementary strands, but DNA is not the
direct template upon which proteins are constructed. Instead, the DNA
molecule contains certain functional regions called genes which contain
the coded message for the synthesis of the different type proteins in a cell.
The DNA molecule is composed of nucleotide chains. Each nucleotide
has base side group. The sequence of bases in DNA specifies what amino
acid sequence will eventually be found in a particular protein. The
DNA bases are (A) adenine, (G) guanine, (T) thymine, and (C) cytosine. The
genetic message encoded in DNA is transferred into messenger RNA. The
bases in mRNA are the same as the bases in the DNA, except uracil replaces
thyndne. Hall and Spiegelman (1961) found evidence that mRNA is formed on
one DNA template strand. This process of base pairing pyrimidines with
purines; such that, (A) couples with (U), and (G) couples with (C), and so
the genetic information of the DNA molecule orders a complementary sequence
Of bases in a RNA chain, is called TRANSCRIPTION.
It has been found that the enzyme, DNA-dependent RNA polymerase, is re
sponsible for synthesis of mRNA from the various genes of DNA molecules.
The rate of information transferred must depend either on the activity
of the gene in synthesizing the messenger, or upon the activity of the
messenger in synthesizing the protein. It seems essential, then to deter
mine those qualities that regulate the flow of genetic material.
Evidence points directly to the fact that RNA. is the immediate recipient
of genetic material from DNA template. Then the mechanism that controls the
synthesis of RNA must be the mechanism that controls the action of RNA
polymerase.
Much work has been done on the regulatory mechanism of bacterial
systems, but in recent years, great interest has been geared towards those
biological systems involved in cell differentiation. During the develop
ment of multicellular organisms, a single cell gives rise to a variety of
different structures and functions.
In the process of cell division, each chromosome replicates exact
ly, and one of the two identical daughter chromosomes passes to each daugh
ter cell. Thus all the cells of the organism must have the same set of
chromosomes and genes,so cell diffentiation occurring during development
is not the result of possessing different type genes in each cell.
The crux of the problem is resolved by noting that all genes in the
chromosome do not function at the same time. Spiegelman et_ al., (1960)
suggest that each gene is responsive to signals that regulate its degree
of activity.
Therefore cellular differences must be due to a specific stimulation of genes
in their chromosomes, and differentiation is due ultimately to variable
gene activity. This gene activity resorts back to the idea of transcription,
in which only a fraction of total DNA molecule, corresponding to a particular
gene, is synthesized into a complementary mRNA strand.
The step by step process of selecting a specific gene loci for a speci
fic protein has not been completely elucidated, but evidence strongly indi
cates an initiating factor of RNA polymerase playing a major role in mRNA
synthesis.
The use of Physarum Polycephalum, a true slimemold, occurs because
it is a good organism for investigating problems concerned with growth
and differentiation. Because of the discovery that its nuclear division can
be precisely synchronized at different stages of development, and in addition,
the development of a precise method for culturing plasmodia of Physarum Poly
cephalum under sterile conditions in liquid medium, this organism lends it
self ideally for critical studies of cellular differentiation. Therefore the
paramount interest of this thesis is to describe the isolating and purifying
procedures used in studying RNA polymerase from Physarum Polycephalum.
LITERATURE REVIEW
I. Transcription Background.
A. Procaryotic RNA Polymerase.
The genetic information that is found in DNA nucleotide sequences is
transcribed into complementary RNA sequences and then the information is
translated into polypeptide chains which form the ultimate protein products
of the gene. Evidence revealed that the control of gene expression was at
the transcriptional level. Since DNA-dependent RNA polymerase (Nudeoside-
triphosphate: RNA nucleotidyltransferase, EC, 2.7.7.6) is responsible for
the synthesis of RNA, this enzyme holds the key to gene expression.
This complex enzyme in the procaryotic organism, E. Coli, is composed
of the following polypeptide chain subunits, one beta prime subunit ( 3' ),
one beta subunit ( 3 ), two alpha subunits ( a ), and one sigma subunit ( a ).
The RNA polymerase is called holoenzyme when it consists of ( cu,3,3',a,ai ).
This homoenzyme is separated into two parts, a core enzyme ( 010,3, 3'w )> which
can synthesize RNA, but lacks the ability to initiate synthesis specifically
(Losick, R., 1972), and a sigma factor ( a ), which catalytically acts to allow
initiation of RNA at specific sites (Burgess, 1969; Berg et al., 1970).
Studies of subunit composition of E. Coli RNA polymerase yield molecular
weights estimated from gel electrophoresis as; 3' , 150,000-165,000 daltons;
3 , 145,000-155,000 daltons; a , 85,000-95,000 daltons; a , 39,000-41,000
daltons; u , 9,000-12,000 daltons (Burgess et al., 1969). The molecular weight
value for RNA polymerase for the holoenzyme is approximately 470,000
daltons (Berg and Chamberlin, 1970). At present, not much is known about
the various subunits. Experiments show that 3 ^ 3 , but not a or u>
can bind to polyanionic material such as DNA, or phosphocellulose in the
presence of 8 M urea. This suggested to Burgess' group (1970) that 6+3
were the subunits involved in binding of RNA polymerase to polynucleotides.
The beta subunit has been designated the DNA binding subunit (Sethi, 1971).
It has been noted that this polypeptide chain is responsible for chain growth,
as well. Omega (u> ) was found to be less tightly bound to the enzyme than
the other components. So in purification procedures, it usually eluted off
the column.
The holoenzyme is separated into sigma factor and core enzyme by chro-
matography on phosphocellulose columns (Burgess, R.R., and Travers, A.A.,
1970). Sigma has no enzymatic activity of its own, but it promotes enzyme in
itiation of transcription at specific sites (promoter sites) on DNA templates.
According to Bautz et al., (1970) the function of sigma appeared to be pri
marily to bind the first nucleoside-triphosphate in such a way as to allow the
formation of a phosphodiester bond with the incoming second triphosphate. After
initiation has occurred, sigma component was released from enzyme and it par
ticipated again in a second round of initiation. The remaining core poly
merase continued elongation of newly formed RNA chain (Burgess et. al., 1969).
It has been suggested that possibly the release of sigma factor is triggered
by the appearance of the RNA chain as soon as the initiation process began
(Chamberlin, M., et al., 1962).
Although sigma was not required for binding of RNA polymerase to
DNA, the specific complex formed in the presence of sigma was found to be
much more stable (Hinkle and Chamberlin, 1970). There were no reported
results that free sigma binds to a DNA template. Evidence has shown
that initiation of DNA chain by sigma was begun with a purine nucleo-
side followed by a pyrdmidine nucleoside (Okamoto and Sugiura, 1970).
From the time the enzyme first binds to DNA (association), to the
time when the first phosphodiester bond was formed (initiation), the
sigma factor became activated. A possible mechanism suggested by Bur
gess (1971) included the following:
1. Free enzyme binds to double-stranded DNA in a nonspecific way,
and this binding process does not require sigma.
2. The enzyme locates a specific binding site, preferably a purimi-
dine cluster. No concrete evidence reveals sigma is required here.
2. DNA strand separation occurs with the formation of a stable com
plex at the initiation site. Sigma is required for this step.
B. Mechanism of DNA-dependent RNA Synthesis.
In the presence of DNA template molecules, RNA polymerase catalyzed
the conversion of ribonudeoside triphosphate into ribopolynucleotides (RNA),
In other words, ATP, GTP, CTP, and UTP were polymerized into RNA by forma
tion of ester links between innermost of the three phosphate attached to the
5' hydroxyl of one ribonucleotide and 3' hydroxyl group of another. The
outer most two phosphates were liberated as inorganic phosphates.
A schematic view of the transcriptive process would be the following:
1. DNA +
Association
DNA-enzyme-XTPj2. DNA-enzyme + XTP-
3. DNA-enzyme-JOT^ + XTP2 ■>+++ DNA-enzyme-XTP1-XTP2
Initia
tion
k DNA-enzyme-XTP-]^ DNA-enzyme-XTP1-XMP2 + PP
5. Migration of enzyme on DNA




In the association step, several groups have demonstrated that high
ionic strength prevented the synthesis of RNA by preventing RNA polymerase
attaching to DNA. If association between enzyme and DNA has occurred and
RNA synthesis has started, then ionic strength has not destabilized the
RNA polymerase-DNA complex (Jones and Berg, 1966).
D. D. Anthony et al.y (1970) concluded that the association step is
stabilized by the presence of two nucleotide triphosphates. Thus there
was an overlap of the initiation step in order for the DNA-enzyme
comples to be stable. The 5' terminal nucleotide position was favored
by purine nucleotide triphtasphates, and the subsequent nucleotide posi
tion favored a pyrimidine. Evidence showed that when these two positions
were filled, then the comples was stable.
A stabilization theory, that is contrary to the preceding one, worked
on the premise that the complex made between RNA polymerase and double-stranded
DNA was stabilized by the nontemplate strand of the double-helical DMA
(Maitra and Hurwitz, 1967).
2. Initiation. -
Initiation of RNA chains involved the binding of two nucleoside tri-
phosphates to RNA polymerase. It was believed that low ionic strength
was the main aid in opening the DNA helix, but Bautz and coworkers (1969)
speculated that this opening could not be accomplished by the initiating
triphosphate alone. What they believed occurring was that the template
DNA tried to close the opening made by the enzyme by pushing the enzyme
back in the original DNA binding site. The synthesis of the first internucleo-
tide bond seemed to be an unfavorable step in the synthesis of RNA
chains, since it took a great deal of energy to disintegrate a few DNA base
pairs before energy was fully released by the first pyrophosphate bond. There
fore the role of sigma in the initiation reaction would be to pry open the
double strand so that the core enzyme could proceed in chain growth. In
addition, the sigma factor would select only specific sequences that met
the particular energy requirements for opening the DNA helix (Bautz, et\_ al.,
1970).
Krakow (1970) suggested that adjacent to the initiating site, there
was a substrate site on the enzyme where the second nucleoside triphosphate
would bind. This incoming nucleoside triphosphate was hydrogen bonded to
the DNA template strand which was parallel to the two sites.
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The occupant of the substrate site then joined the 3f-0H end of the ini
tiating purine triphosphate by the formation of phosphodiester bond and
the release of pyrophosphate. The chain was then translocated one posi
tion and the substrate was emptied so that the next substrate occupied the
site.
3. Polymerization. -
This phase of RNA synthesis consists of elongation of the chain
according to the information contained in the DNA template. In the asso
ciation step, the binding of enzyme to DNA was reversible, but after poly
merization began and RNA chain evolved, binding was irreversible
(Rremer, et al., 1964). The stabilization of enzyme attachment possible
occurred so as to prevent the release of the unfinished chain before the
scheduled time.
In the DNA-dependent RNA polymerase reation, the growth of RNA chains
occurred from the 5'-phosphate end toward the 3* hydroxyl end (Bremer, et al.,
1965). The condensation of the four triphosphates occurred alike, ex
cept the initial nucleotide incorporated into phophodiester linkage, re
taining the beta and rho phosphate group during chain elongation.
It has been shown by Maitra and Hurwitz (1965) that the initiation
32
reaction, in vitro, can be measured by the incorporation of y P-labeled
nucleoside triphosphates, while the incorporation of 14C or ^P-labeled
nucleotides measured the total synthesis of RNA chains.
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C. The Role of DNA.
The association of DNA and enzyme is reversible. Onee the enzyme
binds to the DNA molecule, ultimately it becomes free and binds to another
section of DNA molecule (Richardson, 1966). Richardson also pointed
out that magnesium ions are not required for binding of enzyme to DNA.
Binding sites exist throughtout the DNA molecule and it was estimated
that there was one binding site per cietron or gene. Binding at the pro
moter site of the template led to a specific reaction with the enzyme in which
the strands of DNA were opened or unwound at a certain region (Zillig,
et. al., 1970).
RNA polymerase binds to single-stranded DNA as well as double helix.
Jones and Berg (1966) pointed out that denatured DNA could be bound by
more enzyme than the helical DNA, but the complexes formed never bcome as
stable as those made from double-helical templates (Maira and Hurwitz, 1965).
DNA strand preference is possibly governed by special nucleotide se
quences or by certain types of sequences. Chamberlin and Berg (1962) did
studies of RNA synthesis with the use of synthetically prepared DNA homo-
polymerse and copolymers pairs, such as (d^ • dC^), (dAj^ • dT ) and
d(A-G)n * (dT-C)n. Indications demonstrated that RNA polymerase had a
strong preference for pyrimidine strands of these pairs as templates. It
is possible that the polymerase could make a choice of binding to the strand
with the greater pyrimidine content in the unwound region. Studies have
shown that stretches of purimidine nucleotides on opposite strands of double-
helical DNA existed (Spencer et. al., 1963).
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D. The Effect of Various Salts on Enzyme Activity.
Salt concentrations were important prerequisites for determining
specific initiation on template DNA in vitro. Transcription of DNA by
E. Coli RNA polymerase was more initially specific in the presence of KCl.
The stimulatory effect of KCL on RNA chain initiation was mainly on chains
beginning with ATP. Maitra et al., (1965) noticed accumulation of large
amounts of free RNA upon the addition of KCl. It was noted:, that tran
scription in the absence of KCl was not restricted to fewer regions of
DNA than transcription in the presence of KCl. Thus this salt provided
for increased specificity of initiation (Jones and Berg, 1966). At low
ionic strength (0.03 M), the chains initiated additional sites on the DNA,
but, RNA chain growth was more slower and termination was more random
(Bremer, 1970),
Through a series of sedimentation experiments, Bremer et al., (1964)
varied the MgCl2 and KCl concentrations, and they found that 0,01 M MgCl2
or 0.02 M KCl were nearly optimal concentrations for RNA synthesis, Higher
concentrations of salt (0.4 M) were inhibitory, also, even with the use of
denatured DNA, RNA synthesis was not stimulated by the salt, but was in
hibited (Matsukage, A., 1972). The stimulation by KCl of RNA synthesi was
shown not to be restricted for just T^ DNA, but for T2, T DNA, and E. Coli
DNA, and the stimulatory effect of KCl was not observed with native calf
thymus DNA.
Ammonium sulfate concentrations affected the activity of bacterial
polymerase on DNA templates, and it was suggested the (NH )2S0 stimulated
transcription by causing separation of the two strands of DNA (Fuch et al., 1964),
13
It was observed that the salt facilitated the conversion of the 21 S
form of the bacterial enzyme to the more active 13 S (Pettijohn and
Kamiyama, 1967),
E. Inhibitors of RNA Synthesis (Procaryotic Systems).
Most inhibitors of RNA synthesis acted on the DNA template rather
than directly on the polymerizing enzyme. Antibiotics that inhibited
RNA synthesis by binding to DNA include actinomycin D, miracil D, pro^
flavin.
There were a few antibiotics known to react with the enzyme mole
cule, thus they were considered species selective. Bacterial RNA poly-
merase was inhibted by rifampicin as well as streptovarian. Most
popularly used, rifampicin and some of its synthetic derivatives, would
bind to the bacterial enzyme molecule and prevent initiation. Rifampicin
did not alter the enzyme as it attached to the DNA, but rifampicin blocked
the initiation of RNA synthesis (Alikhanian, S.I. et al., 1970).
Addition of rifampicin in vivo led to a rapid end of RNA synthesis
(Lancini, 1969). In vitro, the action of rifampicin was strongly dependent
on the sequence in which the inhibitor and the various components of the
reaction mixture were combined (Lin, H., et al^, 1970). Umezawa, H., et al.,
(1969) have demonstrated that rifampicin does not prevent association of
RNA polymerase with DNA, but it acted only when added prior to the start
of RNA synthesis. The action of the antibiotic was reduced when preincuba-
tion occurred for 10 to 20 minutes, but rifampicin inactivated free enzyme
completely.
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One interpretation was that one or more changes occurred in the
enzyme after it had bound to DNA, but before any substrate would bind,
rifampicin prevented a confomation change in the enzyme and substrates
would not bind. Thus there would be no initiation of RNA synthesis
(Burgess, 1969).
II. Eucaryotic Transcription.
A. RNA Polymerase from Sear Urchin Embryos, Rat Liver, and Calf Thymus.
With improved isolation and purification procedures in vitro, studies
on transcription on bacterial systems revealed a great understanding of
procaryotic RNA polymerase.
The mechanism for transcription displayed one outstanding fact, RNA
polymerase played the controlling element in gene regulation at least in
procaryotic organisms. Present interest in eucaryotic organisms focused
on investigating whether RNA polymerase has a similar regulatory factor in
cell differentiation. Cell differentiation is a process which involves
activation of a set of genes, which specify differentiated states of a cell.
It has been speculatively found that in eucaryotic systems, regulation
involved selective transcription of different regions of the gene in response
to certain stimuli which can vary temporally as well as permanently
(differentiation).
Some of the problems that have impeded progress in this area, lie in
separating RNA polymerase from its deoxvribonucleoprotein template. Con
sequently, crude enzyme preparations reflected the amount of endogenous
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DNA as well as the amount of polymerase. Eucaryotic RNA polymerase was
found to be very unstable, in vitro, also the enzyme did not show great
affinity for exogenous DNA.
Despite these impediments, there exists presently one mechanism
which projects the idea that for gene control during species development,
there are some unlinked genes which are expressed coordinately. Roeder
and Rutter (1970) have suggested that in order to justify this theory, an
experiment could show these genes being supplied with the same nucleotide
sequence in their promoter regions. By adding a single species of RNA
polymerase, which was specific for this promoter sequence, coordinate
expression might result from the unlinked gene as well.
Recent work by Roeder and his co-workers (1969 and 1970) revealed
the existence of multiple forms of RNA polymerase in eucaryotic systems.
This discovery manifested the plausibility of the preceding theory. The
multiple forms have been designated as RNA polymerase I, II, III. These
different enzymes have been resolved by chromatography on DEAE-cellulose.
In embryonic sea urchin, there was observed variations in synthe
sis of large classes of RNA during early development, and speculation has
it, that these variations might be related to changes in the levels of the
enzymes, Studies on rat liver nuclei suggested various forms of polymerase
have distinct transcriptive functions. Rat liver polymerase I was localized
within the nudeolus while polymerase II was found in the nucleoplasmic
area. Comparing molecular and catalytic properties of these two enzyme forms,
there existed similar counter parts with sea urchin embryos (Roeder and
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Rutter, 1969) and in calf thymus (Blatti, et a2^_, 1969). The loca
lization and function of RNA polymerase III are unknown presently.
Sea urchin solubilized polymerase exhibited a requirement for a
template which had either native or heat-denatured DNA. It was found that
denatured-DNA saturated sea urchin activities of polymerase I and II at
lower concentrations than does native DNA.. With a native DNA template,
optimal activity for polymerase I was observed at less than 0.04 M
(NH^SO^. Polymerase II showed a sharp maximum at about 0.1 M (NH )2S0
and form III showed a sharp activity up to 0.1 M (NH^SO^, (Blatti, 1970).
The quality of RNA synthesized can be enhanced by alterations in
divalent metal ion. All three polymerases show a maximal activity with
2+
Mn at concentration of 1-2 mM. Optimal activity with Mg2+ was over a
broader range. Polymerase I, whose maximal activity was at low ionic
strength, seemed to be involved in synthesis of ribosomal-like RNA. This
type RNA was equally active with Mg2+ and Mn2+. Sea urchin polymerase II
was presumably involved in synthesis of DNA-like RNA and was optimally
active with Mn2+/Mg2+ ratio 10. The Mn2+/Mg2+ activity ratio for sea urchin
polymerase III was approximately 2.5 (Roeder, et al., 1970)
RNA polymerase in rat liver nuclei has been extracted and purified
(Roeder and Rutter, 1969). The enzyme located in the nucleoplasm used de
natured DNAmore effectively than native DNA (Seifart, 1970). It was most
likely that this property which prevailed in vitro was not indicative of
the in vivo situation. The mandatory use of denatured DNA did show, though,
that a factor which allowed the enzyme to effectively use helical DNA, was
lost in this RNA polymerase purification procedure.
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By studying the characteristics of RNA synthesized in vitro by
isolated rat liver nuclei, Widnell and Tata (1966) concluded that enzyme
preparations in the presence of Mg2+ and in the absence of (NH^SO^
synthesize RNA with characteristics resemblin ribosomal RNA and the
action of (NH4)2S04 synthesized a DNA-like RNA in nucleoplasm with the
help of Mg2+.
A study was carried out by Jacob et al., (1970) with soluble whole
nuclear polymerase to determine the role of (NH^) SO^. Both native and
heat-denatured DNA were used. The results showed that soluble polymerase
activity was mostly stimulated by salt addition when denatured template:
was used. The interpretation for this finding suggested that the enzyme
was the primary site of salt activation.
Chambon's (1970) work has been concentrated on the RNA polymerase
activities of calf thymus. The two activities found, correspond to these
in rat liver nuclei and sea. urchin embryos. Enzyme A, as in polymerase I,
was poorly activated by increasing ionic strength , but stimulation by
2+ 2+
Mg and Mh was equal. Enzyme B or polymerase II, whose ionic strength
(0.2 M) was required for optimum activity, ahs need for (NH4)2S0 plus Mn2+.
Replacing (NHl|)2S04 with KCl yield no results of stimulation. At present
there is no concrete evidence, but it was speculated that enzyme A and B
were located in the nucleolar and nucleoplasmic regions, respectively. At
saturating levels, native calf thymus DNA served as a better template
than denatured calf thymus DNA.
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B. Inhibitors of Eucaryotic Transcription.
None of the eucaryotic polymerases studied thus far were inhibited
by rifampicin (Roeder, 1969), although it was a potent inhibitor of va
rious procaryotic polymerases. In the case of RNA polymerases of eu
caryotic cells, a species selective inhibitor that inactivated the en
zyme directly, proved to be a useful tool in exploring the mechanism of
RNA synthesis in nucleated cells.
Alpha-amanitin, a toxic antibiotic from toadstool Amanita phalloides
2+
has a selective effect on polymerase activity in the presence of Mn
and (NH^) SO^, but the antibiotic has very little effect on enzyme activi
ty of low ionic strength in the presence of Mg^+. Novello and Stirpe
(1969) suggested that a-amanitin abolished the stimulatory effect of
(NH1+)2SO1+ on the enzyme, therefore (NH4)2SC>4 was found essential for in
hibitory action to occur. Alpha-amanitin did not inhibit polymerase
activity below 0.1 M (NHij^SO^ in vitro.
In contrast with the preceding findings with whole nuclei and soluble
enzyme, isolated nucleoli and soluble nucleolar enzyme showed no great re
duction of polymerase activity when amanitin was added either to the me-
2+ 2+
dium containing Mg or to the medium containing Mn /(NIL^SCL.
Jacob et. al., (1970) interpretted these results as substantial proof of
different polymerase activity in different regions of the nucleus.
The presence of DNA, nucleotides, or both in a preincubation mixture,
did not influence the inhibition of the enzyme. Alpha-amanitin was found
to inhibit RNA polymerase activity even when it was added to the enzyme
after DNA, nucleotides, and RNA synthesis had occurred. Even in the pre
sence of different concentrations of nucleotides, it was observed that in-
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hibition was not relieved by increasing amounts of substrates. The dilu
tion enzyme-amanitin mixture did not decrease the extent of inhibition.
Novello suggested that alpha-amanitin acted by binding to RNA polymerase
with a strong and not easily reversible binding.
Alpha-amanitin resembled the action of rifampicin on bacterial RNA
polymerase (Wehrli, et al., 1968), but in contrast to rifampicin, alpha-
amanitin inhibted RNA polymerase even after the reaction had begun. Ja
cob and coworkers suggested that the inhibitor did not interfere specifi
cally with initiation, but alpha-amanitin acted on the enzyme by inhibi
ting chain elongation (Seifart, et al., 1969).
III. The Eucaryotic Organism - Physarum Polycephalum.
A. Growth Patterns.
Physarum polycephalum is an acellular slime mold with the properties
of synchronous nuclear division. Cultivation of plasmodia in the labora
tory began with the use of moist chambers on their natural substrate
e.g., rotting wood or tan bark (Daniel et al^, 1964). A great step in the
study of myxomycete was enhanced when H.P. Rusch et al., successfully cul
tured Physarum polycephalum under sterile conditions in a chemically defined
liquid medium. The criteria of growth in pure culture was met, in that,
tests showed no microorganism could grow in the nutrient media under sterile
conditions, and the cultures could grow indefinitely without permanent loss
of vigor (Cohen, 1939).
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The pure culture of P. polycephalum used, was first obtained by
permitting a plasmodia to migrate across sterile phosphate agar (pH 4.3)
at 20 C. Fragments of the plasmodia were cut out with a sterile knife,
and transferred to a similar sterile agar plate. This procedure was
followed repeatedly four or five times. Only the plasmodial branches
were used, which had migrated, leaving behind contaminating micro
organisms in their slime (Carlile, M.J., 1971). To detect the presence
of contaminating organisms, the plasmodia were allowed to migrate on nu
trient agar plates at (pH 5), later the plasmodia were transferred to
nutrient agar plates (pH 5) and streaked with sterile rolled oats and
whole yeast, and incubated at 20°C. The nutrient agar plates from which
these plasmodia were removed were incubated at 27° C, and the migration
path was viewed for the appearance of colonies of microbial contaminants.
When contaminatioH was not detected, the plasmodia were transferred to
sterile oats, and incubated at 20° C. Growth was observed after five days.
After several transfers on this medium, tests were run for detection of
contaminants. By dispersing plasmodial fragments on agar plate containing
a medium of peptone, tryptone, beef-extract, and yeast extract, plus glucose,
and incubation allowed on these cultures at varying intervals, subsequent
examination by direct microscope yield no evidence of contamination.
Submerged cultures were initially prepared by placing plasmodial frag
ments on the wetted bottom of a tilted 500 ml Erlenmeyer flask containing
growth medium, and allowing the organism to migrate onto the liquid medium
surface. The flask was then placed upright and the piece of floating plas-
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modium was incubated without agitation for 72 hours. The plasmodium
was not forcibly submerged, because this caused degeneration in static cul
tures (Daniel, J.W. and Rusch H.P., 1961). After the plasmodium had
grown for 48 hours, the flask was agitated. The organism fragmented
into tiny plasmodia (microplasmodia) under these culturing conditions
and maintained in shaken culture by serial tranfers.
This synthetic medium for the growth of P. polycephalum has faci
litated detailed nutritional and biochemical studies. The medium composi
tion must include 1% tryptone, 0.15% yeast extract, 1.0 % glucose,
and a balanced salt solution containing Ca++, Mg++, Fe++, Mh++, Zn++,
P°4 » S04—, and Cl ~ ions, plus a hemo-protein.
The age and amount of inoculum have been shown to affect the result-
ting growth rate. Use of inoculum from cultures more than four hours
older than age of maximum yield, resulted in longer doubling time for
the next cycle. P. polycephalum grew only under aerobic and agitating
conditions allowed for optimum growth by aiding in the diffusion of oxygen
and nutrients into the organism (Mohrberg and Rusch, 1969). The effect
of pH on growth was maximal between 4.1 and 4.6, but it declined at pH 5.2;
and at a higher pH, growth was greatly inhibited.
Uniform incubation temperature was essential for studies of synchrony
in the organism. By agitating the medium, localized temperature differ
ence in the medium were eliminated (Mohrberg and Rusch, 1969). Another
inhibitory growth factor was the exposure of P. polvcephalum to light. Cul-
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tures were grown in darkness, since in this medium, the organism revealed
bleaching of pigment and growth inhibition as a result of light exposure.
There were two culture techniques for P_. polycephalum growth. For
studies in synchrony and sporulation, surface cultures proved to be
expedient. Daniel and Rusch (1961) have successfully grown P. polycepha
lum in submersed culture, which had proved to be a good source for
replicating surface cultures.
In the surface culture method, a large, single plasmodium was grown
with a petri dish as container and filter paper being supported on a
monolayer of glass beads. Microplasmodia from growing submersed culture
were placed on surface culture. After two hours, the microplasmodia
coalese into a single large plasmodium (Mohrberg and Rusch, 1969). Since
nuclei of organism divide in synchrony, the plasmodium was considered
as one giant cell. The nuclei of plasmocium reached the diameter of
p
6 cm and contained approximately 10 nuclei (Guttes, et. al., I960).
In vigorously growing cultures, the microplasmodia or fragmented
plasmodia in shaken medium, were small but still multinucleate. Observa
tions in Rusch's laboratory revealed increasing amount of yellow pigment
and mucus developed as the culture aged. When medium nutrients were
exhausted and growth ceased, active microplasmodia were transformed into
clusters of spherules (dormant sclerotium). Spherulation is a type
of differentiation in_P_. polycephalum. Rusch denotes this type of differ
entiation as a type of survival form for the organism, until favorable
conditions for growth can occur again.
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Many investigations will be involved in sporulation, another type
differentiation in this organism. During this stage, no growth has
been detected. To induce sporulation, plasmodia were starved for four
days in medium containing inorganic salts and niacin. After starvation,
they were exposed to light for four hours. At the end of the illumi
nation period and within 18 hours, uninucleate spores were completely
developed. It has been pointed out that approximately 3 hours after
the end of illumination, the plasmodium was committed to sporulate even
in the presence of growth medium (Rusch, 1971).
B. Biochemical Studies.
The most characteristic stage of myxomycete is the plasmodium
structure - a naked (referring to the non-rigid enclosure), multinu-
cleate motile mass of protoplasm. Autoradioradiographic experiments
have shown that in P. polycephalum, like in other organisms investigated,
all RNA was synthesized in the nuclei. Mittermayer, Braun, and Rusch (1964)
showed that uridine incorporation into RNA was low in mitosis and the
incorporation rates go through two peaks, one early and one late in inter
phase. Interphase lasted approximately 8 hours in P. polycephalum. Exper-
ments have shown that no uridine incorporation occurred in the metaphase
and anaphase (Zellweger and Braun, 1971).
It is generally agreed that during the interphase of an eucaryotic cycle,
certain events take place at specific moments. DNA synthesis occurred
in a particular sequence in the S period of interphase. With the use of
fluorodeoxyuridine (FUDR) is has been found possible to inhibit the syn
thesis of DNA and to greatly retard the beginning of mitosis
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(Sachsenmaier and Rusch, 1964). After degradation of FUDR, no defec
tive signs of G2 period was observed. The G2 period occurred the
usual time of 5 hours. In vitro, it was found that G2 period occurred
but was not needed for mitosis, but in vivo, the G2 period occurred
for the accumulation in the cell of those substances essential for mi
tosis inducement. There is no evidence of a G-i period in P. polycepha-
lum (Nygaard et. al., 1960)
It is speculated that DNA synthesis early in the S period was neces
sary to trigger the synthesis of proteins necessary for DNA synthesis in
late replication. RNA synthesis began at the start of S period and reached
a peak in two hours. The synthesis then declined in midinterphase and
increased again in the latter half of interphase (Mittermayer, Braun,. and
Rusch, 1964). With the use of actinomycin D, evidence showed the pre
sence of different kinds of RNA during growth.
In isolated nuclei of P. polycephalum, experiments showed that RNA
made early in the cell cycle was transcribed from relatively more AT-rich
molecular regions of nuclear DNA.
The RNA transcribed later in the cycle was richer in GC content
(Rusch, 1969). In addition, it was observed that in the postmitotic
rise in RNA synthesis, there coincided a period of nucleolar reconstruc
tion and maximal DNA synthesis. In the premitotic time, maximal RNA syn
thesis coincided with nucleolar swelling in the RNA synthesis beginning
2 hours before mitosis.
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Additional studies will reveal the intrinsic involvement of RMA in
cell division. Then the question of whether differentiation results
primarily from enzymatic stimulus triggering the transcription of new
RNA, or whether differentiation is the result of activation of proteins
already present in the nucleus, can be answered.
EXPERIMENTAL PROCEDURE
I. Production of Enzyme from Physarum Polycephalum.
A. Preparation of Organism Used.
Physarum Polycephalum cultures were germinated as directed by
Daniel and Baldwin (1964), by originally placing a spherule strip
on the wall of a test tube containing 10 ml of semi-defined growth me
dium with hemin solution. The spherule strip was originally obtained
from McArdle Laboratories - Madison, Wisconsin. The strip was posi
tioned so that only the lower edge touched the meniscus of the medium.
Within a two-day incubation in the dark at 23° - 26° C, plasmodial
growth was viewed by the appearance of yellow granulars. By placing
the test tube on a rotary shaker and periodic determination of protein
content, fairly dense fragments of ndcroplasmodia were obtained.
One ml inoculum (approximately 3.5 mg/ml protein) from this test
tube culture was placed in five Erlenmeyer flask (500ml), each containing
60 ml of growth medium.
Axenic stock cultures were maintained by transferring 3.0 ml portion
(approximately 3.5 mg/ml protein) from the 72-96 hours culture into 60 ml
of fresh growth medium.
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B. Preparation of Culture Medium.



































To avoid problems with insolubility of various metal salts, the
components tryptone, yeast extract, glucose, and citric acid were dis
solved in 800 ml of water to make a one liter solution, then the salts
were added while stirring and KB^PO^ was added last. The pH of the growth
medium was adjusted with 30% KOH to 4.6 and the medium was stored at
5 C with a few drops of toluene until autoclaving.
The hemin solution was prepared by dissolving hemin in 1% NaOH to give
an 0.05% solution ( 50 mg hemin in 100 ml 1% NaOH solution). The steri
lized hemin solution was stored at 5° C for a week and was added asepti-
cally to sterile growth medium (0.5 ml hemin solution/loo ml of medium) at
room temperature immediately prior to inoculation. Autoclaving for 20
minutes at 15 psi is suitable for sterilizing both the hemin solution and
the growth medium.
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C. Methods Used in Obtaining Nuclei for Subsequent Enzyme Extraction.
1. Isolation of Nuclei Using Low Centrifugation Procedures.-
(a) General Procedure
Two-2 liter Fernbach flasks, containing 200 ml of medium each, were
inoculated with 10 ml of a 96 hour microplasmodium growth preparation
growing on a gyrating shaker (New Brunswick Scientific Co., Model No. R7).
The 2 liter cultures were allowed to grow for 36 hours on a reciprocating
shaker (New Brunswick Scientific Co. Precision Instruments, Model No. G-33).
After the 36 hour growth period, the microplasmodia were centrifuged
at 1200 x g for 5 minutes. The microplasmodia were suspended in 0.01 M
MgCl2~0.25 M Sucrose solution. This suspension was centrifuged for 10
minutes at 5000 x g. The washed microplasmodial pellet was suspended
in 20 volumes of homogenizing buffer containing 0.25 M Sucrose, 0.01 M
MgCl2, 0.01% Triton x-100, and 0.01 M Tris (hydroxymethyl) amino methane
buffer, pH 7.2. The suspension was stirred in an omni mixer (Sorvall)
at a speed of 13,000-14,000 rev/min for one minute at 30 second inter
vals. The solution was filtered with 4 layers of cheese cloth. The
homogenate was centrifuged for 5 minutes at 50 x g and the supernate re-
centrifuged at 1400 x g for 10 minutes.
The nuclei pellet from from 400 ml of growth culture of Physarum
Polycephalum was treated with a standard buffer consisting of 0.8 M
0.01 M MgCl2, 0.25 M Sucrose, 1.5% PVP-40, 0.01 M Tris, (pH7.2).
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In addition, several solubilizers were alternately used during each
experiment to lyse the nuclei. Nuclei were treated with such solubi
lizers as Taurocholic Acid, Lubrol (17%), Digitonin (2%), and Tryp-
sin and its inhibitor, 0.2 mg/ml Nystatin, and Collengenase.
Upon adding one of the forenamed solubilizers into the nuclear-
suspended buffer,^ the suspension was hand homogenized with glass homo-
genizer having a teflon pestle.
For most of the solubilizers, the nuclei syspension was incubated
for 30 minutes at 0° C. Incubation with the enzymes, Trypsin and Col
lengenase, was done at 37° C for 30 minutes at 31,000 x g in a Beckman
J-21 Centrifuge using rotor # JA-10. The pellet (insoluble fraction)
and the supernate (soluble fraction) from this centrifugation was assayed
for enzyme activity.
(b) Schematic View of Nuclei Isolation from Low Centrifugation
Crude Culture
Centrifugation 1200 x g
Supernate Precipitate
(discard) (suspend in 0.01 M MgClo and
0.25 M Sucrose solution;





(suspend in 20 volumes of
homogenizing buffer1 and
stir in omni mixer for one
minute at 30 second intervals),
Solution filtered with 5 layers
of cheese cloth. Homogenate cen-











Nuclei lysed in 6 ml of standard buffer ,
in addition, a particular solubilizer3 for
that experiment. Nuclear-suspended solu
tion was incubated for 30 minutes. Cen-
trifugation for 30 minutes at 31,000 x g








Resuspended in 6 ml of
standard buffer2
■'-Homogenizing buffer: 0.25 M Sucrose, 0.01 M MgCl2, 0.01% Triton x-100,
0.01 M Tris (hydroxymethyl) aminomethane buffer, pH 7.2
2Standard buffer: 0.8 M (NH4)2SO , 0.01 M Tris,(pH 7.2), 0.01 M MgCl2,
0.25 M Sucrose, 1.5% PVP-40 (polyvinylpyrrolidone).
3Solubilizers: Taurocholic Acid, Lubrol (17%), Digitonin (2%), Trypsin
and its inhibitor, Nystatin, and Collengenase.
♦Designate those fractions used in determining enzyme activity.
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2. Isolation of Nuclei Using Sucrose Density Gradient.-
(a) General Procedure
Two-2 liter Fernbach flasks, containing 200 ml of medium each,
were inoculated with 10 ml of a 96 hour microplasmodium growth prepara
tion growing on a gyrating shaker (New Brunswick Scientific Co., Model
No. R 7). The 2 liter cultures were allowed to grow for 36 hours on a
reciprocating shaker (New Brunswick Scientific Co. Precision Instru
ments, Model No. G-33).
After the 36 hour growth period, the microplasmodia were centri-
fuged at 2,000 x g for 5 minutes and microplasmodia were resuspended and
washed in 0.01 M MgC^ - 0.25 M Sucrose solution. This suspension was
centrifuged for 10 minutes at 5,000 x g. The microplasmodial pellet
was suspended in 80 ml of homogenizing buffer {0.1% Triton x -100, 0.25
M Sucrose, 0.01 M MgCl2, 0.01 M Tris (hydroxymethylaminomethane), pH 7.2};
per 20 grams of original wet microplasmodia. The suspension was stirred
for two minutes at 30 second intervals in an omni mixer (Sorvall) at
a speed of 13,000-14,000 rev/min. All operations with P. polycephalum
were carried out at approximately 0G - 4° C. Unbroken microplasmodia
were removed by filtration through five layers of cheese cloth. The homo-
genate was diluted with 2 volumes of 2.275 M Sucrose buffer {0.01 M MgCl2,
0.01 M CaCl2, 0.1% Triton x-100, 0.01 M Tris, (pH 7.9)}.'
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This solution (27.5 ml) was placed in eight conical polypropylene
ultracentrifuge tubes, and was underlaid with 5.5 ml of a solution
containing 1.9 M Sucrose, 0.01 M Tris (pH 7.9), 0.1% Triton x-100,
0.02 M MgCl2, by means of a #22 gauge syringe needle. The solutions
were centrifuged in a Beckman L2-65B ultracentrifuge using rotor #4-3.1
at 124,000 x g for 2 hours. The nuclear pellets were removed from
bottoms of the tubes, after the supernatant fractions were decanted.
The nuclei were lysed by suspending the nuclear pellets in an ex
tracting buffer containing 0.2 M (NH^HPO^; 1.0 M Sucrose; 1 mM dithio-
threitol; 0.05 M TES - {N-(hydroxymethyl) methyl 2-aminoethanesulfonic
acid, (pH 7.9)} ;0.4 mg/ml of Calf Thymus DNA. The suspension of nuclei
was brought to 0.3 M ammonium sulfate by adding 0.08 ml of 4 M (NH^KSCL,
pH 7.9 per ml of suspension. This mixture was liquified by hand homogeni-
zation with glass homogenizer and., teflon pestle. Rigorous homogeni-
zation ( 5 strokes up and down) were carried out on the mixture, sub
sequently the solution was bubbled through with nitrogen for 15 minutes
so as to alleviate the formation of free radicals when sonicating.
With glass beads as abrasives, the solution was sonicated for 45 minutes
at 0.7-1.2 amperes in a Raytheon Sonic Oscillator. During sonication,
the temperature was maintained at subzero temperature with an NaCl-ice
bath. The solution was diluted with 2 volumes of TSGMD buffer: 0.05 M
TES, pH 7.9, 0.1 M MgCl2, 5 mM dithiothreitol, 30% glycerol,1.5% PVP-40.
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In addition, 1 M MgCL was placed in this solution to obtain a final
concentration 0.25 M MgCl2. To maintain the 0.3 M (NH4) SO^, (pH7.9),
per ml of TSGMD buffer was added. This resultant solution was cen
trifuged for 30 minutes at 31,000 x g.
(b) Partial Purification of Enzyme.
The supernatant fraction from the above centrifugation step was
treated with 5% protamine sulfate (amount added was based on original
wet weight of pellet). This solution was allowed to incubate in the
cold for 30 minutes. The suspension was centrifuged at 31,000 x g
for 30 minutes. The supernatant fraction was treated with hydroxyl-
apitate (amount added was based on original wet weight of pellet),
and incubated in the cold for 5 minutes, with gently stirring. This
suspension was centrifuged for 15 minutes at 18,750 x g.
The supernatant fraction was brought to 70% saturation with (M-L^SCL
(129 ml) and allowed to stand in the cold for 20 minutes. The preci
pitate was dissolved in 5 ml of deionized water and dialyzed for 16
hours against a buffer containing 0.3 M (NH4)2SO1+, 0.5 mM dithiothrei-
tol, 0.01 M MgCl2, 5% glycerol, 3% PVP-40, 0.05 M TES (pH 7.9). The
dialysate was centrifuged at 31,000 x g for 30 minutes. The precipitate
and supernate were stored at -7° C for subsequent assay of enzyme activity.
(c) Scheme for Partial Purification of RNA polymerase
Crude Culture
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zing buffer^ p^ 20 g of ori
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Nuclei lysed in 8 ml of
extracting buffer3 per 20 g
of original wet microplasmo
dia. Suspension hand homo




Nitrogen was bubbled through the
solution for 15 minutes. Viscous
solution sonicated for 45 minutes
at 0.7 —1.2 amperes in a Raytheon
Sonic Oscillator
Add stabilizing buffer4 and
centrifuge for 30 minutes at
31,300 x g
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(Treat with 5% protamine sulfate
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bated in an ice bath
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dialyze for 16 hours




The solution chromatographed on
DEAE - cellulose column
■■■Homogenizing buffer: 0.25 M Sucrose, 0.01 M MgCl_, 0.01 M Tris
(pH 7.2), 0.1% Triton x-100
2
Underlaying buffer: (Sucrose Density Gradient) - 1.9 M Sucrose,
0.01 M Tris (pH 7.9), 01% Triton x-100, 0.02 M MgCl .
Extracting buffer: 0.2 M (NH4)2HPO , 1.0 M Sucrose, 1 mM dithio-
threitol, 0.4 mg/ml DNA, 0.05 M TES (pH 7:9).
Stabilizing buffer: 0.05 M TES (pH 7.9), 0.1 M MgCl , 5 mM dithio-
threitol, 30% glycerol, 1.5% PVP-40 (polyvinylpyrrolidone)7
Dialysis buffer: 0.03 M (NH ) SO , 0.05 M TES, 0.01 M MgCl-, 5 mM
dithiothreitol, 5% glycerol, 3% PVP-40.4
*Designate those samples (insoluble fraction and supernatant fraction)
used in determining enzyme activity. See Discussion Section, page 4 .
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II. Assay for RNA polymerase activity
A. Standard Reaction Medium for RNA polymerase.
The standard reaction mixture contained in a final volume of 1.25 ml:
0.056 mmoles of Tris CpH 7.9): 0.008 mmoles of NaF; 0.004 mmoles of
phosphoenolpyruvate; 0.02 mg pyruvate kinase; 0.0019 mmoles of
2 mercaptoethanol; 0.60 ymoles each of GTP,CTP,ATP; 0.01 ymoles of
unlabelled UTP; 1.02-1.10 me of l^C-UTP (stocks ranging from 40-177
mc/mmole), 0.40 mg of native calf thymus DNA; 0.008 mmoles of KC1;
1.6 mmoles Mn2+, 2.0 mmoles of Mg2+, 0.06 mmoles of ammonium sulfate;
0.5 mmoles of dithiothreitol and 0.50 ml of enzyme extract.
This reaction medium was best prepared by combining aliquots of
the following stock solution just prior to use. The stock solutions
and aliquots taken were as follows:
Solution I - 0.1 ml aliquot
To prepare this solution, reagents should be dissolved in the order
indicated.
(NH) SO (0.60 M)
NaF4 l H (0.08 M)
MnCl2 -4H20 (0.016 M)
Solution II - 0.1 ml aliquot





Solution III - 0.1 ml aliquot
Phosphoenolpyruvate (dissolved in TGMED buffer) (0.04M)
Solution IV - 0.1 ml aliquot
Pyruvate kinase (8.5 units/ml) (0.2 mg/ml in TGMED buffer)
Solution V - 0.15 ml aliquot
Calf Thymus DM (native) (2.63 mg/ml in TGMED buffer)
Solution VI - 0.1 ml aliquot
14C-UTP
The reaction was initiated by adding the enzyme preparation ( at
0 C) to the other components ( at 0° C) and transferring to a 37° C
bath for 5 minutes to allow temperature equilibration. After incu
bation for one hour at 37° C, the reactions were stopped by adding 0.8 ml of
cold 0.10 M sodium pyrophosphate (pH 7.0 with HC1) containing 6 mg/ml
of RNA, 2 mg/ml of bovine serum albumin, 5 mM UTP and quick cooling.
Then 0.8 ml of 5% sodium dodecyl sulfate (SDS) was added and while
mixing gently (Vortex), 16 ml of a cold solution containing 10% tri-
chloroacetic acid and 0.04 M sodium pyrophosphate was added. After col
lecting on Whatnnan GF/C filters and washing ten times with 10 ml of
5% trichloroacetic acid and 0.04 M sodium pyrophosphate, the filters
were hydrolyzed (95° C, .30 minutes) in 1.5 ml of 5% trichloroacetice acid
39
and the hydrolysate counted in 15 ml of dioxane based Bray's
scintillation solution containing 60 grams of naphthalene, 0.2 grams
of POPOP (1,4 bis {2-(5-phenyloxazolyl)}benzene), 4 grams of PPO
(2,5- diphenyloxazole), 100 ml of methanol, 20 ml of ethylene glycol,
and dioxane to one liter (Bray, 1960). All reagents were scintilla
tion grade chemicals. These samples were counted in a Nuclear
Chicago Mark I Liquid Scintillation Spectrometer. All other solutions
were prepared from reagent grade chemicals and with deionized water.
B. Definition of Enzyme Unit.
One enzyme unit is defined as the incorporation of one mpmole of
14
C-UTP into RNA per ml of enzyme extract when incubated in the standard
reaction medium under standard condtions for one hour. The enzyme
activity is calculated from the known specific activity of the radio
active sample and counting efficiency.
An example of such determinations, where the counting efficiency
was determined experimentally, is as follow:
cpm ^ _ cpm





A sample counts at a rate of 1836.10 cpm and the internal standard + sam
ple counts at a rate of 36,630.03 cpm, where the standard has a known
value of 4.26 x 105 dpm. Therefore, the counting efficiency is:
Efficiency = 36,630.03 cpm - 1836.10 cpm = .8167 cpm/dpm
4.26 x 10& dpm
If the specific activity of a radioactive 14C-UTP sample in the
standard reaction medium is 0.2529 mc/mmole, from dilution of the stock


















where a me = 3.70 x 10 dps.
The calculated enzyme activity where 0.50 ml of enzyme extract was
assayed for a one hour incubation period is:
cpm
Enzyme = (sample) x 10 mymole x 1 x 2
Activity counting ..^ mmole
efficiency x cone. C-UTP
where the factors 2 and 1 are introduced since enzyme activity is expressed
in terms of 1 ml instead of 0.50 ml of enzyme extract and 1 hour incubation
period is standard condition for a reaction.
A sample having 1839 ± 14, where the sample counts standard
error of counting was involved, can be found, thusly:
If the total number of counts for background is 500 counts in 10
minutes, then
R = 5001^500" = 50 ±2.24 cpm
10
If the sample plus background gives 18890 in ten minutes, then
Rs = 18890 ±V18890 = 1889 ± 14 cpm
10
The net counting rate and its standard error are
R = (1889 - 50) ± v/2.242 + 142 = 1839 ± 14
n
The enzyme activity of this sample was found:
1839 6
Enzyme = (sample) x 10 myrnole x 1x2
Activity • mmole
.8167 cpjn x 5.615 x 10 dpm
dpm mmole
= 80.2 m^moles incorporated after 1 hour of incubation
per ml of enzyme extract.
or expressed as 80.2 mymoles/ml/hr.
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Total Enzyme Activity = enzyme activity x volume used in lysing
nuclei pellet
= 80.2 mymoles/ml/hr x 1
= 80.2 mymoles/ml/hr
RESULTS AND DISCUSSION
Investigations on cellular growth and differentiation have been
greatly hindered by the lack of an organism to meet certain criteria.
There has been a great need for a procedure that would yield sufficient
quantities of a material, which clearly represented distinct stages of
differentiation. Physarum polycephalum lends itself very well to bio
chemical analysis of cell cycle since it can be grown as a syncytium
in large quantitites in semi-defined axenic liquid culture medium.
The multinucleate microplasmodia undergoes synchronous mitosis
every 8 hours. Audioradiographic experiments have shown that P. polycepha-*
lum, like in other organisms investigated, synthesize all RNA in the nuclei
(Mittermayer, et_al^, 1964). There is no G1 period and the S period is
3 hours. The G2 phase takes 5 hours. It has been noted that nuclei
isolated at various times of the mitotic cycle exhibit same biphsic RNA
production as intact plasmodia (Mittermayer, et al., 1966). At present,
experiments do not indicate whether RNA polymerase is synthesized just
prio to RNA production, or whether the enzyme activity is regulated by
other intracellular factors. Further solubilization and purification ex
periments would be required to determine the correct explanation. The
purpose of this present investigation was to ascertain a feasible proce
dure for isolating and purifying the RNA polymerase of P. polycephalum.
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I. Isolation and Solubilization of RNA polyraerase.
A. Culturing Techniques of Physarum Polycephalum.
Growth in shake cultures was in the form of nticroplasmodia, of which
several hundred thousand per ml were present when maximum growth was
maintained in small scale growth on gyrating shaker.
Since P. polycephalum grew under aerobic conditions (Daniel et al.,
1962), the type and amount of agitation used, was important for op
timal growth. Figure 1 reports average values of enzyme activity ob
tained at several growth periods of the organism. It was established that
through numerous experiments run on the differently growing cultures,
maximum activity could be obtained when P. polycephalum nuclei were
isolated after a growth period of 36 hours. Figure 1 gives data in
which maximum enzyme activity was obtained at 36 hours in intact nu
clei as well as in partially solubilized extracts of the enzyme. For
production of Physarum in culture volumes of 400 ml or 2600 ml (large
scale growth), optimal conditions ofr 36 hour growth was obtained with
use of reciprocal shaker instead of gyrating shaker.
Growing microplasmodia in a liquid medium, axenically, subjected the
organism to unnatural growth conditions, but microscopic observations by
Gray et al., revealed no morphological changes under these growth condi
tions. The ability of microplasmodia to grow and the ability of nuclei




























Fig. 1 - Effect of organism growth on RNA Polymerase
0.50 ml, of intact nuclei and partially solubilized
extract from the various standard 400 ml of aging
cultures, was assayed under standard conditions. The
curves give the enzyme activity profile at the vari
ous growth periods.
B. Isolation of Nuclei from P. polycephalum.
(1) Determination of Experimental Conditions.-
Mohrbery and Rusch (1971) observed blebbing of microplasmodial nu
clei when they washed the organism with 0.01 M EDTA-0.25 M Sucrose solu
tion. In our experiments, lower enzyme activity was obtained when micro
plasmodia was washed in 0.01 M EDTA-0.24 M Sucrose solution, thus indi
cating portions of the nuclear membrane were expanding and detaching
during this type washing. Possibly, fragments were migrating into the
cytoplasmic area. Subsequently, 0.01 M MgCl2-0.25 M buffer was used for
washing microplasmodia and assays revealed an increase in enzyme activity.
Through many experiments ? conclusive results indicated that two
2+
requirements were essential for preparation of nuclei, Mg , and Tri
ton x-100. Triton x-100 (octylphenoxypolyethoxyethanolj Rohm and Haas
Company) is a nonionic detergent which is very useful for isolating nu
clei without severely affecting enzymatic activities. The detergent
does this by decreasing cohesive forces between lipids and proteins thus
enabling better purification of membrane bound enzymes. Magnesium chloride
stabilized the nuclei during blending operations. Concentrations be
low or above the range of 0.002-0.02 M, lysed the nuclei.
(2) Isolation of Nuclei Using Low Centrifugation Procedures.-
The microplasmodia were centrifuged at 1200 x g for 5 minutes. The
pellet was resuspended in a solution containing 0.01 M MgCl2 a^d 0.25 M
Sucrose solution and centrifuged for 10 minutes to separate extracellu-
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lar polysaccharides from the cells. The washed microplasmodia were
suspended in 20 volumes of a homogenizing buffer containing 0.25 M
Sucrose, 0.01 M MgCl2, 0.01% Triton x-100, 0.01 M Tris (hydroxy methyl)
aminomethane (pH 7.2). The suspension was stirred in an omni mixer
for one minute at 30-second intervals. The nuclei were noted to be
broken much more by vigorous homogenization, but homogenization
past 4 minutes caused contamination of nuclei with cytoplasmic de
bris.
After filtration through 5 layers of cheese cloth, the hamogenate
was centrifuged in a Beckman J-21 Centrifuge using rotor # JA-10
for 5 minutes at 50 x g to remove unbroken microplasmodia. The
supemate was recentrifuged at 1400 x g for 10 minutes to sediment
nuclei (see experimental procedure section, page 30),
Various methods were employed for extraction of RNA polymerase.
Fred Wilt et al., (1970) stated that very tight binding of all RNA
polymerase and related proteins in eucaryotic systems implied associa
tion with membranous elements.
Physarum's RNA, polymerase was found to be very firmly bound to nu
clear membrane, thus requiring strong extracting treatments to bring
the enzyme into solution.
When nuclei were lysed in the presence of the standard buffer:
0.8 M (NH4)2SO^, 0.01 M MgCl2, 0.25 M Sucrose, 1.5% PVP-40, 0.01 M Tris
(pH 7.2), and the addition of one of the solubilizers - Taurocholic Acid
(8%), Lubrol (17%), or Digitonin (2%), appreciable amounts of enzyme ac-
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tivity was detected in the insoluble fractions (see experimental
procedure section, page 30).
Each nuclear suspension was treated with 10 strokes of a hand
homogenizer. This homogeneous mixture was incubated in an ice bath
for 30 minutes. After incubation, the solution was centrifuged
for 30 minutes at 31,000 x g. The pellet (insoluble fraction*)
and the supemate (supernatant fraction*) from this centrifugation
step, were assayed for enzyme activity (see experimental procedure
section, page 30).
With intact nuclei (which had average total activity of
"+,9 mymoles/ml/hr.), the enzyme activity was increased with Digitonin
(2%) to 14 units. Intact nuclei were nuclei treated with standard
buffer minus the solubilizer (see experimental procedure section,
page 30). Other experiments treating intact nuclei with Taurocho<-
lic Acid e.g., enhanced total activity to an average of 20.4 units,
As observed in Table 1, Trypsin and its inhibitor, along with Collen-
genase treatment yielded 21.2 units and 19.4 units, respectively.
Lubrol (17%) showed appreciable total activity with an average of
24,5 mvimoles/ml/hr.
Among these surface-active agents from Table 1, which were used in
lysing nuclei, the bile salt (Taurocholic Acid), showed a 25% increase
in activity compared to using Digitonin (2%) by itself. Exposure to
















































































See Experimental Procedure Section, pages 40, 41.
cpm (blank) - counts obtained from a sample run simultaneously with
samples containing enzyme extract with the exception that here, enzyme
extract is excluded.
dpm - that quotient obtained by dividing the actual sample counts
by counting efficiency ,8167 cpm/dpm.
Total Enzyme Activity - represents the total activity calculated
from the use of nuclei isolated from the standard 400 ml of culture.
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Lubrol (17%) is a nonionic detergent which seemed to be most
potent in lysing isolated nuclei in our preparations. Contrary to
O'Farrell et aJL_, (1972), whose nuclei preparations did not lyse
under the influence of nonionic detergents, our results indicated
that this nonionic detergent did lyse the nuclei and it yielded
detectable enzyme activity.
Although assays were done on the insoluble fractions and the superna
tant fractions of each enzyme preparation, data in Table 1 represents
only those assay done on the insoluble fractions (see experimental
procedure section, page 30). The majority of enzyme activity was de
tected in the insoluble fraction when lysing Physarum's nuclei with
reagents mentioned in Table 1.
Enzyme activity was detectable with experiments with Nystatin
(0,4 mg/ml) and Diethyl stilbestrol, as well as with the above mentioned
reagents, but all were found not to be suitable sources in bringing
the enzyme into solution.
Table 2 shows that with varying concentrations of some of the prece
ding reagents, one-third to one-half solubilization of enzyme extract was
obtained. Most of the enzyme activity was still found in the insolu
ble fraction, but under maximum optima activity and under ideal conditions,
305 to 50% of enzyme activity could be found in the supernatant fractions.
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TABLE 2




































































































































' ' 'Same as in Table 1
^Represents total activity calculated from the use of nuclei iso
lated from the standard 400 ml of culture.
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The insoluble fraction of Nystatin (0.2 mg/ml) had an average
total enzyme activity of 7.6 mymoles/ml/hr. Assays done on the su
pernatant fraction yielded an average total activity of 2.5 mpmoles/ml/hr.
This antibiotic seemed to induce the loss of ardons from the
nuclear component and thus better disruption of the lipoprotein asso
ciation between nuclear membrane and the RNA polymerase was ob
tained.
Taurocholic Acid (4%) supernatant fraction had one-third the amount
of total enzyme activity compared to its insoluble fraction's
average total activity of 6.8 units. The supernatant fraction of Tryp-
sin and its inhibitor (0.4 mg/ml) had approxijnately half enzyme ac
tivity compared to its insoluble fraction's average total activity
of 4.11 units.
One-half solubilization was greatly enhanced when nuclei were
treated with Digitonin (2%), in which, fifty strokes with a hand homo-
genizer were administered to the nuclear solution instead of the 5
strokes administered in earlier experiments. Two per cent Digitonin
was not as effective in disrupting nuclei as with the combination of
Digitonin (2%) and sonication in an ice bath for 20 seconds with a Soni-
fier Cell Disrupter (model W185). With these two membrane-dispersing
agents, greater yields of the enzyme passing into aqueous phase was ob
tained. The average total enzyme activity for the supernatant fraction
was 4.13 units as compared to 4.21 units for the insoluble fraction.
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(3) Isolation of Nuclei Using Sucrose Density Gradient.-
As reported earlier (see experimental procedure section, pages
28-30), acceptable preparations of ndcroplasmodial nuclei were
obtained.
A modification of this isolation method was devised so as to ob
tain purer preparations of ndcroplasmodia were centrifuged at
2000 x g for 5 minutes. The pellet was resuspended in a solu
tion containing, 0.01 M MgCl2,and 0.25 M Sucrose. The suspension
was centrifuged for 10 minutes at 5000 x g in a Beckman J-21 Centri
fuge using rotor # JA-10. The precipitate from this centrifugation
was suspended in 80 ml of homogenizing buffer; 0.1% Triton x-100,
0.25 M Sucrose, 0.01 M MgCl2, 0.01 M Tris (pH 7,2) per 20 grams of
original wet microplasmodia.
The homogenate, obtained from stirring ndcroplasmodial suspension in
an omni mixer, was diluted with 2 volumes of 2.275 M Sucrose buffer
in eight ultracentrifuge tubes. After ultracentrifugation for 2 hours
at 124,000 x g, the nuclear pellets were removed from the bottoms of
the tubes (see experimental procedure section, pages 31-32).
Upon obtaining isolated nuclei, attempts were made to extract the
enzyme from its membraneous elements with similar aqueous solutions of
detergents, as was done in the methods used in lysing nuclei, which
were obtained from low centrifugation procedures. The suspension was
treated with 5 strokes of a hand homogenizer. This homogeneous solu
tion was allowed to incubate in an ice bath for 30 minutes. After in-
55
cubation, the solution was centrifuged for 30 minutes at 31,000 x g.
The pellet (insoluble fraction*) and the supernate (supernatant frac
tion*) were assayed for enzyme activity, (see experimental proce
dure section, page 35).
Increased enzyme activity was detected in the supernatant frac
tion, in which enzyme preparation was obtained from nuclei isolated us
ing sucrose density gradient, as compared to enzyme activity detected
in the supernatant fraction obtained from nuclei isolated using low
centrifugation procedures.
The writer of this thesis postulates that the detection of enzyme
activity in Table 3, page 56, occurred because in isolating nuclei
through low centrifugation procedures, other organelles could sedi
ment with the nuclei. Both mitochrondria and nucleoli are known to be
sites for RNA synthesis. Thus the enzyme activity detected was possi
bly a combination of RNA polymerase activities from these two additional
organelles.
Upon ultracentrifugation, Table 3 page 57, reveals the isolated
nuclei were purer. When these isolated nuclei were viewed under a phase
contrast microscope, there were fewer mitochrondrial or free nudeolar
particles visible, as compared to nuclei isolated through the use of low
centrifugation procedures.
With purer preparations of nuclei, a great deal of inhibitory ma
terial was removed, yielding a greater accessibility of the enzyme to be
solubilized. Table 3, page 57 indicates these results.
TABLE 3












































*Designates those fractions used in determining enzyme activity. See Experimental Section,
page 30.
f^See Experimental Procedure Section, pages 40-41.
cpm (blank) - counts obtained from a sample run simultaneously with samples containing
enzyme extract with the exception that here enzyme extract is excluded.
cdpm - that quotient obtained by dividing the actual sample counts by the counting efficiency,
.8167 cpm/dpm.
Enzyme Activity - represents a fractional part of the total enzyme activity assayed from the
standard 400 ml of culture.
eTotal Enzyme Activity - represents the total activity calculated from the use of nuclei isolated
from the standard 400 ml of culture.
TABLE 3 - continued












































, ,*" th" P*ocedure' the microplasmodial suspension was placed in a sucrose density gradient
and ultxacentrifuged in Beckman L2-65B Ultracentrifuge, using rotor # 42.1 at 124,000 x g All
nuclei obtained were subsequently treated with extracting buffer and centrifuged at 31,000 x g
for 30 minutes to obtain the insoluble and soluble fraction, which were assayed for enzyme activity
See Experimental Procedure Section, page 35.
bSee Experimental Procedure Section, pages 40-41.
edpm - that quotient obtained by dividing the actual sample counts by the counting efficiency
standard TofTlf'cl^T^ ' fr*Cti°nal ^ °f the total «*"• -tivity assayed from
Jf^^ activity calculated from the use of nuclei
the
58
Through many trial and error procedures to find optima condi
tions for solubilizing the enzyme and for keeping the enzyme stable,
our experiments revealed maximum activity was detected by lysing the
nuclei with a buffer containing: 0.2 M (NH^HPO^, 1.0 M Sucrose,
0.01 M dithiothreitol, 0.4 mg/ml DNA, and 0.05 M TES (N - (tris
hydroxymethyl methyl) 2-aminoethane sulfonic acid (pH 7.9). The addi
tion of TSGMD buffer with 1.5% PVP-40 was an essential reagent for
stabilizing the enzyme preparation. The suspension was treated with
5 strokes of a hand homogenizer. Our results, as they appear in
Table 4, indicate that lysing with (NH^HPO^, was more effective than
other reagents used.
Oxygen was present in nuclear extraction suspension, so in order
to eliminate subsequent formation of free radicals (which would react
with proteins in solution upon sonication), nitrogen was bubbled through
the nuclei extraction mixture for 15 minutes. Rusch et al., (1971)
found that through microscopic examinations, sonication treatments dis
rupted nuclei of P. polycephalum in less than 10 minutes. For our pre
parations of the enzyme, we found that 45 minutes of sonication using
a Raytheon Sonic Oscillator was necessary in releasing the enzyme into
an aqueous phase (see experimental procedure section, page 35).
Table 4 outlines the increasing concentration of enzyme (from the
supernatant fraction through the various steps of purification). The
average concentration for supernatant fraction of crude extract was
1.30 mjjnoles/ml/hr. Table 4 represents assays done on nuclei isolated
from 2.6 liters of culture.
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TABLE 4


























































































Represents total activity calculated from the use of nuclei isolated
from 2600 ml of culture.
*See Experimental Procedure Section, page 36.
60
There is a consistent increase in the amount of enzyme acti
vity in each of the steps of purification up to dialysis. This oc
currence is presumably due to the loss of factors which inhibited
RNA polymerase activity. The assay, repeated at each purification
step, was performed in triplicate and the results were used to cal
culate the number of enzyme units per ml.
II. Purification Procedure for RNA polymerase.
A. Purification of the Enzyme.
Step I: Five per cent protamine sulfate solution was added to
supernatant fraction of crude extract after 5 minutes incubation in
an ice bath, and this solution was centrifuged for 30 minutes at
31,000 x g. This solution proved to be a mild measure of removing
inhibitory material that was blocking the full release of the enzyme.
This precipitant did not impede the enzyme activity. The average con
centration of enzyme was 4.38 units.
Step II: The supemate from the preceding purification step was
added to hydroxylapatite solution, incubated in an ice bath for 5 minutes,
The supemate formed was collected by 15 minutes centrifugation at 18,750.
x g. The average enzyme activity was 3.05 mwnoles/ml/hr. The purpose
of this step was to remove histone-like proteins which were found to in
hibit RNA polymerase activity.
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Step III: The supernate from the above step was brought to
70% saturation with (NH^SO^ - (129 ml of 100% saturated solution)
and allowed to incubate an ice bath 20 minutes. The solution was
centrifuged for 30 minutes at 31,000 x g in a Beckman J-21 Centri
fuge using rotor # JA-10. The supernate was discarded.
Step IV: The precipitate was dissolved in 5 ml of a dialyzing
buffer: 0.03 M (NH^SO^, 0.05 M TES (pH 7.9), 0.01 M MgCl2, 0.5
mM dithiothreitol, 5% glycerol, 3% PVP-40. This solution was dialyzed
for 16 hours against the same buffer. The volume after dialysis was
6.5 ml.
The solution contained an average enzyme activity of 6,02 units. Com
paring the enzyme activity of crude extract, increasing enzyme activi
ty was detected after each purification step. This step, along with
the preceding purification steps are schematically outlined in the
experimental procedure section, pages 35-36.
B. Summary of Enzyme Purification Procedure.
Table 5 summarizes the results of the purification of the enzyme.
It is devised so as to see the progress of purification through the
different stages.
1, To assess the efficiency of the different steps, it wa,s found
necessary to multiply the volume of particular fraction by the concen-
TABLE 5









































































Refers to Enzyme Activity, See Discussion Section, page 62.
^Refers to Total Enzyme Activity. See Discussion Section, page 62.
Specific activity is expressed as units of enzyme per microgram of protein.
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tration of enzyme (here before, this category was labelled - enzyme
activity - mymoles/ml/hr). Enzyme activity was measured by standard
procedures (see experimental section pages 40-41), with a period of
one hour incubation at 37° C, using a RNA polymerase preparation.
By multiplying units/ml by the volume of that fraction, the product
from this operation is the total units (here before, this category
was labelled - total enzyme activity).
2. The protein content of each fraction was determined by using
a Perkin-Elmer Spectrophotometer (model 124). The procedure fol
lowed for the protein assay was by Miller, G. (1960).
3. The measure of the purity of the enzyme preparation is ex
pressed as specific activity. Specific activity is defined as units
of enzyme per microgram of protein (Dixon and Webb, 1964). One enzyme
unit is defined as the incorporation of one mymole of -^C-UTP into
RNA per ml of enzyme extract when incubated in the standard reaction
medium under standard conditions for one hour. Specific activity was
obtained when the enzyme activity (units/ml) was divided by protein
content (mg/ml) of the particular purification step.
4. The per cent yield of product for each purification step is an
essential criteria for purification schemes. By using the first figure
entry in the total units column as being equivalent to 100%, the fol
lowing purification preparations' overall yields are directly propor
tional to this ratio.
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By adding protandne sulfate in the purification scheme, we de
tect a high per cent of material. This occurrence was consistent
in each experiment that was done. Subsequent alterations in this
step will alleviate this situation.
5. The degree of purification is calculated by comparing the
specific activities of the enzyme before and after each step.
Since Table 5 represents an initial attempt to purify the en
zyme, the degree of purification was very low. The scheme does
serve as a bases for adding as well as rectifying the selection of
methods for purifying RNA polymerase of Physarum polycephalum.
SUMMARY AND CONCLUSION
One of the primary differences between procaryotic systems and
cells of higher organisms lies in the degree of organization. In pro
caryotic systems, the processes of transcription and translation are
closely connected. In eucaryotic systems, these same processes are
divided into nuclear transcription and cytoplasmic translation, and
separated by a nuclear membrane.
The aim of this present study was to determine a workable proce
dure for isolating and purifying RNA polymerase from the eucaryotic
organism, P. polycephalum, so that subsequent experiments on the speci
ficity of this enzyme can be done with a pure RNA polymerase system.
The present thesis described conditions for growing P. polycepha
lum in submerged cultures in thirteen-2 liter flask, containing 200 ml
of sterile semi-defined citrate-hemin medium on reciprocating shakers
for 36 hours.
P_. polycephalum's nuclei could not be isolated by the ordinary
methods used in other eucaryotic systems because it was found that vigor
ous homogenization was required to rid contamination of cytoplasm. The
detergent, triton x-100, was helpful in keeping cytoplasmic material se-*
parate from nuclear preparations. By placing microplasmodial suspension
in sucrose gradient and centrifuging for 2 hours at 124,000 x g, it was
possible to obtain purer preparations of microplasmodial nuclei.
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The nuclei were finally lysed during the sonication procedure using
a Raytheon Sonifier for 45 minutes in the cold with nuclear fragments
dispersed in an extracting buffer consisting of 0.2 M (NH^HPO^; 1.0 M
Sucrose; 1 mM dithiothreitol; 0.05 M TES; 0.4 mg/ml of Calf Thymus DNA,
in addition, 0.3 M (NH^SO^ whose pH 7.9, was used in lysing the nu
clei. This extracting buffer was found more effective in lysing nuclei
than other reagents tested in solubilizing the RNA polymerase.
Considerable increase of enzyme activity was obtained in the sonica
tion procedure, if glass beads were used as an abrasive and if the
nuclear-suspended extracting buffer was bubbled through nitrogen for 15
minutes. Subsequently the membrane-bound enzyme, RNA polymerase was
released and following centrifugation for 30 minutes at 31,000 x g, an
appreciable amount of solubilized enzyme was obtained.
To remove those difficult intracellular fractions, protamine sul-
fate was added and this was found to enhance enzyme activity greatly.
To study RNA polymerase as a protein and to obtain a better under
standing of the enzyme's specificity, it was necessary to devise a pro
cedure for yielding large amounts of pure RNA polymerase.
Addition of hydroxyapatite, and later the addition of (NH4)2S0u
(70%) saturation and dialysis for 16 hours were the purification steps
used thus far in purification of the enzyme.
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Subsequent purification of P. polycephalum's RNA polymerase will en
tail fractionation on DEAE-cellulose column and sucrose density gra
dient. Further studies should reveal the feasibility of concentra
ting the enzyme through lyphilization, and this should aid in
alleviating the (NH^SO^ fractionation purification step.
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